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±!B<0£»!£^ i-*fe*>. b p h A (hnhA. 1A2A3A4) , b p hB, X^I 

^XKF 7 0 7 W^t^x-iVyt^vyt- •*? Mitt ( b p h A ) £ ^MI^ 

J: *> U £*l£SA • M?-t/:7C)ifXfMf^ffl^t, i^ 71 - 
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A*; #00 H" "7 je. — JV^MIHII ^yA'^^'J T ( Burkholderia ) IB 4 0 0*4 
*W tf 7 x - )V y t ^ y ^' t - ^'<7)7Ct - 7 F (BphAl) *3-KtSDNAt 
«FltDNAy^7'jy^* (DNA shuffling) fcffv^ SK##ltt^te£J/af [ 
b p h A 1 (2 0 7 2) jUS^ fc Bf.£] d*ffc*$*L"CV**o C(^b p h A 1 (2 0 7 2) 
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r^^ft 1 ] Furukawa.K. Rtflliyazaki.T. , "Cloning of gene cluster encodi 
ng biphenyl and chlorobi phenyl degradation in Pseudomonaspseudoalcal igenes. 
" J. Bacterid., 166^, p.392-398, 1986^ . 

[**« s i*2] Furukawa.K., "Engineering dioxygenases for efficient degrad 
ation of environmental pollutants," Curr. Opinion Biotechnol. . ll*.p. 244-24 
9 2000^- 

mm^U3] Suenaga,H. ,Goto,M. , ^Turukawa.K. "Emergence of mult ifunc 
tional oxygenase activities by random priming recombination. J. Biol. Uiem 

276^, p. 22500-22506, 2001^ 
'bf=#|t«t4] Misawa, N. , Shindo, K. , Takahashi, H. , Suenaga, H Iguchi, 
' K , Okazaki, H. . Harayama, S. , WFurukawa, K. , "Hydroxy 1 at ion of various « 
olecules including heterocyclic aromatics using recombinant Escherichia coll 
cells expressing modified biphenyl dioxygenase genes.' Tetrahedron , b«^, 

p. 9605-9612, 2002^ . . . 

[gjyfcttfcflt 5 ] shindo, K., Nakamura, R. , Chinda, I., Ohnishi, Y. Hormouchi 
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[#NW»6] Shindo, K., Kagiyama, Y. , Nakamura, R. , Hara, A. , lkenaga h 
Furukawa, K. , ZttfMisawa, N. , "Enzymatic synthesis of novel antioxidant t 

iavonoids by Escherichia colicells expressing modified metabolic genes invol 

ved in biphenyl catabolism." J- Mol. Catalysis B:Enzymatic 23^, p. 9-16, 20 

03^ 

mm^mik b~f%> mm] 

[0 0 0 9] 

[pie * fti$rf a * co^ifc] 

^^, > ^_^ f ( B phAlA2A3A4:BphA). 3f#^ ^H"V^11m 

(S P hc) * 3 -Ki-*a^*»XL»a$*/i«.«^M^«a5*^^ 

[0 0 11] 

(i) TlflsS; (I) > (I I) Xi± (i I I) • 
Kb 2] 






H1-A1 <' X > P2-A1 — <f 7 C1-A1 



(II) OH) 



(I) 



* U^t t ""SIR 1 t < f±T V 5 , P 2 ttflt 

y >m« d' ) > (ii')Xi±(nr) : 

[0 0 12] 
lit 3] 

C00H /C00H C00H 



H1-A1 77 



(I') 



(ID (HI') 



C^4«, HI, Al> P2, JttfC ll±«rSBJfe*Ok*«)-C**o 3 
wit *-g-tr tT n V >|I»Wo 

ffiSE#2 005-3028876 



mm 2 0 0 4 - 0 6 1 2 3 8 v : 4/ 

[0 0 13] 

*0 & <D% L < li -5- <OS£#WKX.tt *l <b ©fl^JUblS 6 3fc3E# ^tS-t* 1 

[0 0 14] 

(2) ftfy v v"^ - 4r\ ffiyt FDyt-;vfli Knyt-^> ^t>*3Sr# 
y t _;vy^^ -> Yi- - M £ =» - K1" & iH*^ ^fA L /cffimx.tetl £ > TIB^ ( I ) 

N (I I) Xti (I I I) : 

[0 0 15] 
lit 4] 




H1 _ A1 // \\ P2 _ A1 // \\ C1 _ A1 ^/ w 



(I) (II) (ill) 

tLtv>t^ iv^StSU ~ 4 07^v>*lft< i±7;vt-v>i-e* *K P 2 tig 
) , ( I I ' ) X(i (I I I ' ) : 

[0 0 16] 

Mb 5] 

COOH .COOH ,C00H 

N— ^ N— ^ N 

H1-A1 < 7 V P2-A1 — (! V C1-A1- 





(I*) (ID (Ml') 

[5£cK HI. Ah P 2 „ RtfC 1 ttflTiBSgHO fc is •? X~$>& 0 ] 
[0 0 17] 

[0 0 18] 

±IBH° 3U >afc»OKiS^fet**v>T, ^ (I) > (II) Xli (III) t?*5*L* 
jfc^tL-Cli, ^lilf, 7 7^7^ 77^*>, 6-HKn^y77/V>, 6 - 1 F 
n ^ v -7 9 >\ 7-tKn^y77^7>, 2-7x-^; , J>, 2-7x-M^ 

y^^y"— ;K fcf"7.x— ;K (f7>^-) # ;V 3 > . 3 - 7x-JV- 1 — >f > 
[0 0 19] 

l>hLT«. J^T<7) (a) JL\± (b) W?y-H£JEV>&£ fc^li : 

miiE# 2005-3028876 



2004-061238 



^-v : 5/ 



( b ) vmtt 2 §W75; mum wv»ti*t< r § ; ***** > 

<7)fif£ft^1-&^ >v<*3f 

[0 0 2 0] 

(3) &T<0 (a) Xtt (b) <D*W?*®: 

(a) mm&^ 2 KfsiZtLZT* ^jum- 
b EB»^ 2(^§W75; ttK?0 WV»-Cl*t< ttW^T ^ -/ 
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fe=P r bohAl (7 1 5 - 7 0 7)] (KJIWl) ^ *0\ ?*rr?^ ' fcS" 

U"[*W*ibihAi(2 0 7 2) X»i [bphAl (7 1 5 - 7 0 7) ] * 

■m^lm H 7x-;Vy^->7 s t-^W7^-^ [BphAl (2 0 7 2) ] 
©tT^«KW»±DDB J/Genban kfiffAB 0 8 5 7 4 8 ^f^f ° 
£/- KF 7 0 7»©Wi-?> (Bp h A 2 ) , 7xl/K*y/ ( B p h A 3 ) , 
M7xUK^y>^^-^ (Bp hA4) ©T^StBSnjIi, DDBJ/Genb 
ankfiffMS 3 6 7 3 fc*S*LTV** 0 B p h B S £ MEWttE )D B J /G e 

^• t _ jvi ;- t ^yyt-^ (BphC) 07 5WJiDDBJ/GenbankiS 
fM8 3 6 7 3 i:^$tLtv^ 0 
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^r^TBv>U bphAl (7 1 5 - 7 0 7) flte? (BW* 1 ) ^ 
- K^e^-X • T'f ^KF 7 1 5ft (Hayase.N. ,Taira,K. and Furukawa, K. , Pseudomonas 
putidaK F715 bphABCD operon encoding biphenyl and polychlorinated biphenyl degra 
dation: Cloning, analysis, and expression in soil bacteria. J. BacterioL 172, 
1160-1164, 1990) ^^ilLf: b D hAl S?^WW^ 

^_ y r] \,jj ij n^KF 7 0 7 MC b p h A l gS^£M*rl^#^W ^ * F b_B_h 
Aia«g^-C**o ^ bohAl ( 7 1 5 - 7 0 7) fie=Ptt, * * ? h P C R^tfc ( 
#M 2 0 0 0 - 1 2 5 8 7 1 tv,- K*** • 7'fnF715ftHiii 

a i mm * n um s & ot* o , k # it * & & 

[ 0 0 3 2 ] 

4 o TfltBi - & £ t ^ * o 
[0 0 3 3 ] 

08 x if @E3*J#^ 2 *L* T 5 7 BftBEyijO 1 ~ 2 fflco T 5 J & 4 < , 

i£»^- 2 $ *l* r 5 j mm <r> 1 ~ 2 ii co r 5 j m*m<D r<ym ^wm l*=*«> 

if^7x-i, pcBf) o5^SfRJS^*v^-c*>^rffl-e*s 0 

[0 0 3 5] , . ., , _ 

-Qb phAl (7 1 5 - 7 0 7) atfS^ K • - 

KF 7 0 7 h B b A 2 A 3 A 4 j HzB^ -hjftEjfcfe t/^fjv * * y^t - fe A 

fc* f bohAl ( 7 1 5 - 7 0 7 ) A2A3A4] tt$>K. * *r 11* 
Km'jmKF 7 0 7»a*0^m^t Kn^-^/K Ha^t-W 
bp hB) WMfyt-^y^^^-k* ( b p h C ) J Ml 0 9 ( 

p B P A 7 15-707BC) tt, 2004^2^2 B^lfe^trSfc^AEIIW^ 

W^S^f <fcnfj* 1 - 1 - l *ffe£6) l^ffKStLT 

V>S ($ffcf^FERM P- 1 9 6 5 4)o 
[ 0 0 3 6] 

S-fS^-^^^^Ai"^ ^4, Kunkelfc Gapped duplex 

^mmm^mm^tz^mmxm^^ v («x.ifMutan-K (takaram) * 

Mutan-G (TAKARAttS) ) ^«fflv>t|lO|A^^Jo ^V^? 
-S A PCR^DNAv^';7'J J'W^ftCJ: »K iHS^-OgE^S-A** ^ 
Sr#jS-r*ifct-C#a 0 x^iAPCRSTONAyt^'J^W, ^»t^ 

0 > «x.tfJ-9-#AP C R£ov»Tl±Chen K, and Arnold FH. 199 
3 Proc. Natl. Acad. Sci. U. S. A., 90: 5618-5622£, 4fcDNA^7'J >W 
•fey h P C Rf Ml^^^li, Kurtzman,A.L.,Govindarajan, S. . Va 
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hie, K., Jones, J. T. , Heinrichs, V., Patten P. A. , Advances in directed protein 
evolution by recursive genetic recombination: applications to therapeutic protei 
ns. Curr. Opinion Biotechnol. , 12, 361-370, 2001, RX>\ Okuta, A., Ohnishi, A. a 
nd Harayama, S. , PCR isolation of catechol 2, 3-d i oxygenase gene fragments from e 
nvironmental samples and their assembly into functional genes. Gene, 212, 221-2 

28, 1998*#RRS*Lfcv>o 
[ 0 0 3 7 ] 



[0038] _ ^ 

[0 0 3 9] 

3 . tf 7 a. - * m^i" & Qk&Mtl 

^-i) f^^ftf^e7x-HTflIf> Wxtf, 7^.-1^77 (Pseudomonas) JR 
„ nvtt^ ( Comamonas ) I, 7;V ? * ;V f» 0 T (Burkholderia) I, 7 7-f7 7*:r- 
7 (Sphingomonas) JR. nF^;W ( Rhodococcus ) JR, ^;v*F-_7 ( Ralstonia ) JR 

^fX ■ ->i-F7JV*'Jf?7 ( Pseudomonas pseudoalcaligenes ) , ^^^t^'T 
^FXrn- ( Comamonas testosteroni ) , ^^WJ7 (Burkholderia) SLB4 

0 0 > 7 7 7 7-^ • 7 n vr -^ 7 ^ 7 7 7 ( Sph i ngomonasar omat i c i vor ans ) > n 
K n # X • ( Rodococcus globerulus ) 7^7 h — 7 • t^rt^r -f 7 

( Ralstoniaoxalatica ) lfKi:«l4, r*L<bO«{±, ATCC^DSMZ 

7 - Xti^Wlt v * - ;v v * * v r-T- 4f fiHt**-t a l£* £ a - Hi" £ ftfe^tf)^ 
[0 0 4 0] 

)l/*'jmKF 7 0 7« (##It»D MV;^*^f'J7lLB 4 0 0ft (Pseu 
domonasJ Rt'av^) (Erickson.B.D. , Mondello.F. J. .Nucleotide sequencing and transc 
riptional mapping of the genes encoding biphenyl dioxgenase, a multi component po 
lychlorinated-biphenyl-degrading enzyme in Pseudomonas strain LB400. J. Bacterio 

1 174 2903-2912, 1992) <DMffitf?ft>fl, If 7 x - ;V^Mf f Ife^^fl ^ ^"^ 
V>i 0 7^-- F*77 • 7.x- KT/VA V mKF 7 0 7 #:&5fc<*>3§f#^v* * df 77~7 
— -tfitfS^ ( hp hAl A2A3A4) Z®.fr&A,t*jzMm J Ml 09 (pKF6622 

) a % 2000^9^13 gttx-m+Lftwt&AMWimm^ffl^m^^Wzt^ >*- 

(£«!fto < tfTfrfc 1 T B 1 #» 1 ) li#K§tL-CV^ (SKffFERM BP- 7 3 
0 0) o ->x - F^f X • yx-F7JV*'J^7KF 7 0 7tt7iV^*^'J 

7JRLB 4 QOW b p h A 1 h^?DNA->t7'J 7 ^STfi^a^Ufc^fc b_ 
p h A 1 (2 0 7 2) it^^^tf^Wv^^v^^-^itfeT- [b p h A 1 (2 0 7 
2) A2 A3 A4 ] ti^MTcif JM1 0 9 (pKF 2 0 7 2 ) (i> 2 0 0 0^9 

/i 1 3 mtHx-m^ff^Amnwmm^m^mm^Wwt^ iWM&o < 

flTllfftl) ^«FK$*LTV>S (^K#-^FERM BP- 7 2 9 9) 0 
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f4£l#m («^xa;V) s;***^-**^ [bphAl (2 0 7 2) AJL 
AS^flbphA (2 0 7 2) X^J^kAi(7 15-7 

7T7T T2A3A4 ] (b p h A (7 1 5 - 7 0 7) k»tiiiW) ^Si? 

?;t-^yt*W-< ( bphC ) 

■brook, J.. Russell. D. W. . "Molecular cloning -A laboratory m^l Third edit 10 
n, Cold Spring Harbor Laboratory Press, 2001) o ^^Zttlu w < 

luescript II SK^fflK, bphA (2 0 7 2) BCAfe^^llhA ( 
7 1 5 - 7 0 7) BCit^?-^%mt'^ 1 a c ^P^-^ ^Jfflf & ^ fc^g^o 

^^M/^hv^f-b^ ( Strept omvces ) Safflffl <- . Ji P ii»lK-t- * 

Chun,H.K.,Ohnishi,Y.,Shindo,K.,Misawa,N.,Furukawa, K. , Horinouchi, S. , Biotransf 
ormation of flavone and flavanone by Streptomyce Hvidansce 1 1 s carrying shuffled 
biphenyl dioxygenase genes. J. Mol. Catalysis B: Enzymatic, 21, 113-121, 2003 

) o 

[0 0 4 4] 



o 

i*WfcLTl±, ^.-^ 77H-^ **n-*, * 
ii TV^-T, «MbT^*=^A, «i7>^^, »T^^^ 'J>t7> 
'J* A, 'j>|vn^^ «-^^^v^A. «L>fk^hV^A 

#f ffl £ TtT ? o 14*5* KJS&C X T > H° v v > ^ 7^ h 9 * 4 * v vs^ifcfefcK * 
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»if , NMR flff^f If & o 
[0 0 5 1 ] 

- ,v yt _ Ws^. x a tL b (nmtmtt wom-vm^* %> * * v 

~tf*JBv*-C. Tlfi^: (I) > (II) Xii (III) : 
[ 0 0 5 2] 
[it 7] 



H1-A1 




P2-A1 




C1-A1 




(III) 



(I) til) 

KH5-lfl:*Sl6HT, \£xV>mm ( I ' ) > (II' ) 3£JA (III' ) : 
[0 0 5 3 ] 



N 



H1-A1 





COOH 



P2-A1 




COOH 



C1-A1 




COOH 



(D 



(II') 



(III') 



[g£*. HI, Al, P 2. RtfC 1 tttffiB5fell«> *) X*$>2> 0 ] 



tStitOt^{t^ft*V^\ t 0 nU>m (picolinic acid; tfy 2 -*>M* 
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tr(± -f>F-;K ^fj'//^ ^^/fry-JK -?>y^^^y-;K 

-;V /^V-)V, ^f7V*-JK ^V79>\ (4H-* 
rlitlmt- (CH«) n- (5$*, nlil-4«) TNfcoT, 

•7* y & v°u\£vy ag^s**^ if <b *l & o 

[0 0 5 7] 

r;v-7-- L-rtt, e-w 

[0 0 5 8] ^ ■ ~% 



y l-7x^H7^7> 2-7x-;Vt7^7) ^flJ:7x^ 
[0 0 6 2] 



If 
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s<-y : 12/ 



[ft 9] 



( I ) CD-fk^-^ORffWI : 




(f lavanone) 




(f lavone) 




6-t KP+->77Ay> 
(6-hydroxyf lavanone) 




6-t HD^v 
(6-hydroxyf lavone) 




7-fc KP+->77/iy > 
(7-hydroxyf lavanone) 




(2-phenylauinol ine) 




(2-pheny I benzoxazo I e) 



[0 0 6 3 ] 
Hfcl 0] 



j$ ( I I ) cD-fb-B-fe©^^^ 




bi phenyl 




(trans-) chalcone 



[0 0 6 4] 

m 1 1 1 



a (I l I) £Hb-&!$j©*ff^J 




(3-pheny I -1- i ndanone) 




(2-pheny I naphtha I ene) 



±ia^ 6 (I) - (I I I) Ott&mt. ff^t^v^t-^ fftytKnyt 
*L(9 0«**m^"r*«^*t t fefcJgfH-atfcfcJ: 9, T§B5£ (I' ) ~ (III' 

miiE# 2005-3028876 
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s<-9 : 13/ 



[ 0 0 6 6] 
[it 12] 



H1-A1 




C00H 



.COOH 



COOH 



N 



P2-A1 




C1-A1 



(D 



(II") 



(III') 



[g*;*. Hi, A l, P 2, RXfC 1 {±HUia^^ti3^T'^^3 o 

[ 0 0 6 8] 
[ftl3] 



St "C & & 



0' 



.COOH 




COOH 




COOH 




COOH 



4 



HO' 



0' 



COOH 




COOH 




COOH 



[0 0 7 0] 

Hfci 4] 




COOH 




COOH 



8 



[0 0 7 2] 
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^-v : 14/ 




±=S5£ (i) ~ (iii) x-WLzti&it&mt, ^#aty * * -> - ^ ^mmv^ 

JiBsJC (I) - (I I I) ^?^^i^t" 



r 0 0 7 6 ] 

hLTli, LBfl, M9f*, KB^ft, YMtft, KY^I, FlOl^i, » 

<7>T~° SiT^-^, MT>^^^A, «7^^-^fOiIli7l^£S^ 

jfiK20-40t, J:^*t<li2 5-3 P HIA5~9 

[0 0 8 0] 

I0 [*ttm] ^ts^^yft-^ [biM (2 0 7 2) : 1 J 

ffifE# 2005-3028876 



#11 2 0 0 4 - 0 6 1 2 3 8 



^-v. : 15/ 



H F 1 0 7 2 (DY^Wc 

=. y Y £ a - ( b d h A 1 ) (G e n B a n k^#l#"tM 8 6 3 4 8 ) 

if . >/ft --lf^t7'^"^^ :i -^' 5DNA ( b p h A 1 ) (GenBankfi 
tfM8 3 6 7 3) fc, jbI(Q77y^>mi»^^ b p h A 1 

pcRriWlt/'o bphAi 7°7-f-7- ^ilgg^l temrojl 0 & : 

-7 ^ y _ K ^ - 1 : 5' -CC GAATTCA AGGAGACGTTGAATCATGAGCTCAGC- 3 ' (@B^J#^ 3 
, ; * 7° 9 4 - 1 : 5' -T TGAATTCT TCCGGTTGAC AGATCT- 3 ' (@B^J#"t 4 ) 

i i mm*& *) > WffiB £ ^ c eco R i ^{£^#4- $ tir v> a ( v^-f ti & , r > * - 7 

r/T^^TV^) o PCRO*ftli, 9 4°C1^% 5 2-C1. 5 fl\ 7 2 °C 1 * T:\ 

iv^im »*u w7^r^-pcR, bphA1 7 °^l:!y:^ 

bphAimPCR»» a*, PCR»i±»i:nC*frWvv 
9 bDhAi mPCRK»tt, SacI/BgH I t-llftt, 7*n-*4r* 

J a - • v^-- K7JV*V n^KF 7 0 7 tefccn h p h A 1 A 2 A3 A 4-b 

nhB-bohCl CT (G e nB a n kftffMS 3 6 7 3) «r*tr«B^7^5 
Kp JHF1 8 (Hirose, J., Suyama, A., Hayashida, S. , Furukawa, K. , Gene 138, 
27-33, 1994) * * HR4 t?^**aitr*>-e, ^^^f^ 1 

4-v?^.V^ (2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoic acid) c^rx. b 

*/CV** 0 Httfc. ^lM«f fe*St^t', 4 3 4 nm^-f-f* 
nr|g-e*a 0 77^5FpJHF18(:i3V^ 1 » 3r<PM_Lu_I tflfc** b p hA 1 ft K 

i r, b D hAT ^WU:7 7^^ Fp J HF 1 8 AMI u I ZftMLtz (T.Kuma 
maruVsuenaga.M.Mitsuoka, T. Watanabe, K. Furukawa, Nature Biotechnology, 16, 6 
63-666, 1998) 0 

il 0 ' 0 P J HF 1 8 AMI u I »1iaI/ B g 1 I I ^ilMS i t ^ A 
bphAiim«5*^tfl. 3 9 kbilr>t£PJ^> ttfcSfc. ±|B-C^StU7ta^ 
^MTffmPCRlU ( Sac I/ Bg 1 I IfllMftftO^) *#XU « 
^©MWt^i^ft-^fif 0« b p h A 1 : : b p h A 2 A 3 A 4m fef 
) ^. hnhBbphC l^WHI^^^ K (pSHFlOOOvV-^) 

[0 0 8 6] , „ . . _ . 

dtte>-3ft^^9^5 F^tUIIXL 1 -B 1 u e C^x^te^jfC, * 

tLfegcas ^ p h a i ans^jE-s «tg-e § a - 1 * mm l -c v> a 0 

[0 0 8 7] 

miiE# 2005-3028876 
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010 ( ^o«m^4^^^^^^^^p SHF 1 0 7 2 i: ^ ) 14 ? e T"r ; A r 

Jtt4^««©*»«l^ (KF 7 0 7Iff-LB4 0Q) ^ phA 

B 40 o) ob^hMllS?^^«tl^v^y^^h;vx^U^ 

g)fflajf^ t o d C 1 itfc^-frjf o i^l/ 3 ° ^° 

[ 0 0 8 8 ] 

±lB^-7"9^5 FpSHFl 0 7 2»vt7'J > 7 Ifc b p h A 1 fltfc?-*, JLJL 
h A 1 (2 0 7 2 ) a^fcft-T*- 1Kb phAia^Pii^ttGenBankS 
i^tAB 0 8 5 7 4 8 fcfi»3*/CV>* 0 h p hA2 A3 A40ki^Jai^ 

UJ:^:, G e nB a n k$KffM8 3 6 7 3 i:ti?tlTV^ 0 

J1 0 L1 ^ P SHF 1 0 7 2 ^1pJlBC^^^ 1^ (2 0 7 
2) bphA2A3A4l^^»^7'7^ HpKF2 0 7 2«$titi»^ 

F#m^miJMl 0 9«fflv^f*<7^Mi (bioconversion 

ijll^KF 2 0 7 2 ) ti. 1^ © 7 x - ttf f f Ift'^ ^ 

L ^ 



jfe^— v.x-2, 3 -yt K u^y^yZ/t — ^ (heteroaromatic group-cis-2, 3-dinyd 
robenezenediol) *&J&^ %±m?m<lW.fc (stereo-specific reaction) T*fc*o 

tt& ° J m i o 9 ( P k 

p 2 0 7 2 ) It 2 0 0 0^9^130 #^«dtfltttt AK*a«*#W*3H*«Ffe«* 

«o<OTlTgl«l) KSKffFERM BP- 7 2 9 9 J: 

vt: Knyt-iVft Fnyt-^/fWt-;Vt^y7 1 t-bMlffl7 7X. 

KpBPA715-707BC©^« , 
l^i£7x^ ;v^»« ©#ot'7x^;Vvt^>^- 7 " * > < B p h A 

av ^t^. tm^" F*** • U ****KF 7 0 7*S*B p h 

A 1 <DT 5 J mm 9 0 - 1 0 1 #@ ^ffi^i-^Asp-Lys-Ser-Ile-Lys-Val-Phe-Leu-Asn- 
Gln-Cys-Arg t^^7 5/WJ 1 ; 5 ) fc, T5y«R^3 8 

6 _ 3 9 7 fg ^^g^-r^Asp-Asp-Gly-Glu-Asn-Trp-Val-Glu-Ile-Gln-Lys-Gly C^StL 

[0 0 9 3 ] 

tf-7 x^;VMl> ->a- K-=E"^^ • ^"9 5 — 7> ( Pseudomonas graminis) K FJ7 0 1 

* , >J: „ K^t^I ( Pseudomonas ) KF 7 0 2f, 3 ^ • > * T n - (Com 
amonastestosteroni) KF7 0 4t, 7,7^/^-^^^ ( Sphingomona^ y 
anoikuyae ) KF 7 0 6t, h-7 ■ 9 ( Kalstoniapaucula ) KF 7 0 9» 

• 7-7* b^r-nn ( Comamonas testosteroni ) KF 7 1 2#, vx K7 

* • 7^ ( Psudomonasputida ) KF 7 1 5*, K W ' ^ SS^fSl^ 
utida) KF 7 5 lftHtl^2m 1 WLBW3 7 °C\ -i%*L,_S'4^V^ 

h a i \mmM<n 757 miB^'J * = - k-t a ~f * - *m ^ p c r fos m 

tBiE# 2005-3028876 
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^-v: 17/ 



■etiO nx^vv^^'t- "/a. - » > b p h A 1 <P«g«tt 1 ft tHg 

f E5*L* , fflv^^-f'^-»±±IBT5 Ktittftoa 

7*7- K^?*^- 2: 5' - GACAAGAGCATCAAGGTGTTCCT (A, C, G, T) AACCAGTG (C, T) CG (A 
" f 5 ? ' } - CCCCTTCTGGATCTCCACCCAGTT ( C , T)TC(A, C, G,T)CC(A, G) TCGT 



C -3' OB^J^"^* 8 ) 

^WJjyxft^BLtz&mtmmMmvM&Ufr^&Zo PCR^m 9 4°C1^ 
6 ltlS", 7 2tl5-e> 3 0*M tfrffofco 

[0094] , A , »/-rzL*.^wii 

^j-^i- k^t^X • F7)V*'J^1^KF 7 0 7ft^bphA 1 atfa^-fr&Si 

-9 5fgS^7?yWJ 3 9 3#B-C****tW3- K-tSaifc^ * P C R U «C 

li7*7-F7-7^-3S^^^^v-l («^1#RS) 

^- * ^ -7- 3 15' - AACACCTTGATGCTCTTGTC -3' (WM^ 9 ) 
7;r7 _ K y 9 ^v-3 : 5' - GGGTGGAGATCCAGAAGGGG -3' (mm^ 1 0 ) 
PCRO*fttt, 9 4X313% 6lTCia\ 7 2 °C 1 fl-C, 3 0tO^ofc. 

*C#Al*-fc7HI*K^ 5' -armP'3' -arm*»*U 

*fr|±, 9 4<C13% 6 1°C1^\ 7 21C2^ 2 5t0^fc. £©PCRRJS5 

ftrffi St*«l 1 • 5 k bOatfSW-ett^tLiiiliS^^o tite^^f^mfe^li 5 a 

1 T X * y x K F 7 0 7 «cft*bj)hAi*Wftl«* 1 X 2 
^f^^KFtajfe b phAia ^UWofc^^ * K bp hAl Afa 

^t^^^j, K b p hAi awn?^^-Ht^v^ 

K7**'JWKF 7 0 v^^h r h A 1 A 2 A3 A4-b p hB-b p hCm fe-F^ 
mW7^Fp J HF 1 SOhphAHt^U^ **£?*f?! RV 
^ ^ v ^ _ -eftiS^ (a^7'J^ K b d h A 1 : : h P hA2A3A4 mfo?-) £ b_p_ 
hBbphC »fe?-^W^l7-77>^ K (pBPA 7 xx- 7 0 7 BCy'J^ 

) ^#to 

p h A 1 3 tg^^SEir b-C v»fc, KRO" PSHF107 

ITWi 1 4 *M J M 1 0 9 * 1 0 0 ^ g / m 1 <D T * t v V > 0 . ^ 2 m M *> 4 J 7 u 

-e*&*U #^*ifcK:«*<0tf7*->H*fR»R* 100^g/ml <0iftSfcfc*.J: 7 

t-fl^^W^ 6-bKn^7?^«A 7- t Kn^>7^;A 7 

<7)M*. KF715ft^KF 7 0 7*<7VW^0 ? K b p h A 1 [J21T b p h A J. ( 7 1 
5 - 7 0 7) ] W^7'7^ KpBPA7 1 5-7 0 7 BCmt**lll^ 1 

2005-3028876 



#12004-061238 



^-v: 18/ 



_ 7l ^ t7 ^WA 2 -7x^t7^KA 6 -tKD^77/V> : &^7- 

b !hAl (7 1 5 - 7 0 7) itfST-^MB^J^WL^hi^, K • 

MKF 7 0 7 W bohAi a^ W C«© 4 5 8 * © T 5 « 
iB^ij^n-KLTV^^ 1 8 2, 3 2 4, 3 2 5f §«3o^75 7iWW^ <■ 

,(3 2 5) BphAl (7 1 5 - 7 0 7) Tli, ( 

i Uf-v (3 2 4) , 'fVD/fyV (3 2 5) »fc&oTV^c 0 Sfc, B 

ihiV(7 1 5 - 7 0 7) <DT*yWmWi, BphAl (2 0 7 2) ©7^WJ 
fc?^W«oTv4. ftk BphAl (7 1 5 - 7 0 7) 07 5^E«ttSW 

J5^FoBPA7 1 5 - 7 0 7 BCWM»«JM1 0 9 (pBPA7 1 
5 - 7 0 7 B C) (± 2 0 0 4^2^2 B^tttlKfftftAiWTtMMI^ 
WWR***- (»o<miTSlfftl) P*tt**/CV>* (frttfFER 
M P- 1 9 6 5 4) o 
[ 0 0 9 9] 

mmn 3 ] -xmrnnm^^i^ 

u * * - * * * -> y± - ^ * *t * J m 1 0 9 

i-ftfc^ *M (pSHF 1 0 7 2) X^fff (pBPA715-707BO* 
% l50« B /mlOT>trV'J> (Ap) mLB«i ( 1 % M; 7/ h 0. 5% 
kfx^ l%NaCl) ^^iW#*^«tf**U ff!W3 0%(:^i 

?r*"j*u-*fcK»u -7 0 — 8owf-f-7"7'j-f-iaii^^^ 

^;*n-AH*#*fcLfco 3 >F-n-;i^LT, p U C 1 1 8 ♦©Apjtt f 

<^-<B***-r*;ttM (JM109*) %RI#K:J9*Lr^y-fen-^«#»*ft 



1 ^ 



[0100] 

^iS (pSHF 1 0 7 2) Xl±*»tt (pBPA7 1 5- 7 0 7BC) ^«t 

±15(7) *r 'J -fen — JHMH* lmlt 1 5 0 ^ g / m 1 <0 7 > V > ( A P ) tr L 
B^itklOOml (5 0 0mlO=ft79^Sfctt«PJ^^«ffl) ^JVl-i 

* 0 flt**t*7~8ml*, lBO.g/mlOAp, f?f f m f/'"; V 

t> _ 1 _ ft _o_ D _^nt"7;yF (IPTG) . 0. 4% (w/v) <0**> 
RXf 1 0mg©SI Sr-S-trM 9 (Sambrook, J., Russell, D.W., "Molecular 
cloning- a laboratory manual" , Third edition Cold + Spring harboi ^Laboratory pr 
ess, 2001) 1 0 0 ml ( 5 0 0 ml ©Hfc? 5^^™^ + 3 

^SrWfflU 8,0 0 0 r p m-e 5 fl-Ba^I tt±i t**fco 
[0101] 

«t«4Kftot*W (pSHF 1 0 7 2) ( p B P A 7 1 5 - 7 0 7 B 

miiE# 2005-3028876 
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^.~zS : 19/ 



c) ui^ o if ^ ^ ^ ^ fc 1 1 H p L c l: £ ^ ^ L /: ° mn\-m^ 

ctor (HITACHI L7100) *Jlv>, 2 0 0 - 5 0 0 nm«Wl^ 

i^:Waters Xt e r r a MSCi s ( 5 M m) , 4. 6 X 1 0 0 mm 
^SS : 1. OmL/mi n. 

ii:A=5%CH3 CN| 20mM'J>E B=95%CH 3 CN, 2 0mMV^S* 
0 — 3 St : A 1 0 0 % 

3_2 0^:A 10 0%— B 10 0% ('J-7^7Vi^b) 
2 0-3 0^:B 1 0 0 % 



[0102] 

«| (p SHF 1 0 7 2) 3U±^J)§m (pBPA715-707BC) rt^fl 5 

T?«**««BS^*ll««**»*l L (**«4«>1 Oft©**— *) ^*?2if 
/ - U 2 0#F B 1«# L/Co i tt* 7 , OOOrpmCTlOii *'L^ Ml L 

JifcfcEURLfco ±ittt«ET, » 5 0 0ml 2-C**IU pH5i:«^ 5 0 0 m 

j.** £5/ U * [ 0 . 2 5 n m S i 1 i c a Gel 60 (Merck) ] ^ 
v>Mi^7^57-f- (TLC) fcsHt, g*£»<*>ttB*fTofc», S/'J*^* 

*9l [2 0 X 2 5 0 mm, Silica Gel 60 (Merck)] **ffiv»fc*9 
[0 10 3] 

^3lf«^i5»t*TLCOSWJ«Fi»»±JaTOji>J-C*4 : 

? y /is y : c h 2 c l 2 -m e o h - h 2 o (3 : i : o . i ) ; 

7 9#> : CH 2 C 1 2 -Me OH (3 I 1) ; 

6 _ y. Kn^y7 7AV > : C H 2 C 1 2 -M e O H - H 2 O ( 6 : 1 : 0 . 1 ) » 
6— H Kn^'>77#> : CH2 C 1 2 —Me OH-H2 O (6 : 1 : o. 1) ; 

7 _ t pn^y7 7/V > ". C H 2 C 1 2 -M eOH-Hz O (3 : 1 : 0. 1) ; 

2 -71^; 'j> : CH2 c 1 2 -M eOH-HaO (3:1:0. 1) ; 

2 -7x-;v^>7*^tV-^ : CH2 C 1 2 -Me 0H-H2 O (5 : 1 : 0. 1) ; 

\£7 x. - fr\ C H 2 C 1 2 -M e O H - H 2 O ( 4 : 1 : 0 . 1 ) \ 

7j;i/n^:CH 2 Cl2 -M eOH-H 2 0 (3:i:0. 1) , 

3 - 7s_z.fr- 1 -4 >¥S y : ch 2 c 1 2 -Me OH (4 : 1) ; 

2 -7x-JVt7^ > : C H 2 C 1 2 -Me OH (4:1). 
[0 1 0 4] 

: 

7?/V > : CH 2 C 1 2 -M e OH (4 : 1 ) I 

7?#>:CHiCi2-MeOH-H 2 o (4 : 1 : o. 1) ; 

6 _ t p n ^y77^V> : CH 2 C I2 -MeOH-H 2 O (3 : 1 : 0. 1) , 
6 _fc pn^y77^*> : C H 2 C 1 2 -Me OH-H2O (6: 1:0. 1) ; 

7 _ t ^ n ^->77^v>:CH2 ci 2 —Me 0H-H2 o (3 : 1 : 0. 1) ; 
2 - 7 sz-fr ^ s v y : c h 2 c 1 2 -m eOH-H 2 o (4 : 1 : 0. 1) ; 

2 -7i^;V^>7'Jft7-)V : C H 2 C 1 2 -Me OH-H2 O (5 *. 1 I 0. 0 5) 

¥7 x~fr : CH2 c 1 2 — MeOH — H2 0 (6:1:0. 1) ; 
(f7>^-) Tjji/^y : ch 2 CI2 -Me 0H-H2O (3:1:0. 1) ; 

3 _-7^-;V- i-xf>^y>:CH 2 C 1 2 -Me OH-H2 O (4 : 1 : o. 1) ; 
2 - 7 xzfri-7 9 k>:CH 2 C 1 2 — M e O H — H 2 O (5 : 1 : 0. 1 ) . 

ffiSE# 2005-3028876 



#11 2004-061238 



^-v : 20/ 



o 
□ 



[0 10 5] 

(1) _ . ... h ^ 

±mm (d SHF 1 0 7 2 ) , RX>\ *Mm (pBPA715-707BO 

(f lav. none) *>««*» (* 1 0 0 m 1 ) ^ HPLC«« 

OSHF 1 0 7 2) |:it)77;NVy«*i (1L) *fifv>, (4 6 9 

ma) tTLCPftUi:^, Rf*0. 4 BOiH^UV^tiWfliU 
*I!|*y'J*WnvK77^CJ:*)iSU ^» 1 (2 3. 8mg) 

AV^'m 1 iiFAB-MS (posi t ive, matrix glycerol 
) t/!mt:^i^-' (M+H) ^iWSttfco ^««FAB 
-MS*»6Lfctt*, *>ftVO*«mi42 7 0. 0 7 8 7 fcftJjLSttfco 
^tV^liCi 5 HiiNO< (calcd for 2 7 0. 0 7 b 
tot»MW^«Ci 5 Hi i N0 4 fcftJfeSttfeo 

^44 1 I C H 2 Chn^xtyJ^'nv-fF, T E A t RJS3*S t 7 * ^ vJV 
f~ H- 1 H DQF, HMQC, HMBC**^, »*fb^tt*- 7 

+ * * & # * <fc*w i k »* ^ ,J * * * - h **» < 5 ^ : 

£*Ui. J». , 3- =7. 7Hz, J 8 . , 4- =7. 6Hz^K^ t'J^ 
5c 1 2 4. 3, 5c 1 3 8. 7. 5c 1 4 8. 8, 5c 1 5 7. 3) *&1>M3*L*. 



itJC-V -C-3' -C-4' IWT? 1 H- 1 Hm^f 



ofe* ik&W 1*6- ( 4 - v - * n y - 2 - -f u - 2 - * 

(6-(4-oxo- a chroman-2-yl)-pyridine-2-carboxylic acid) J^^ \^ z ° 



1 i:^t» fls^fllj&aW: 
HJgStLfc I UP AC^Ot^fcli 




6' 

^ /C00H 



[0 10 8] 
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it&mi (6-(4-oxo-chroman-2-yl)-pyridine-2-carboxylic acid) (D 
400MHz 'H NMRRtf' 3 C NMRf"^(DMSO-rf^) 



Position 



2 
3 

4 

4a 
5 
6 
7 
8 

8a 
1' 
2' 
3' 
4' 
5' 
6' 



5.84 (dd 2.8, 11.6) 
3.03 (dd 2.8, 17.0) 
3.35 (dd 11.6, 17.0) 



7.78 (dd 1.5, 7.3) 
7.11 (dd 7.0, 7.3) 
7.61 (ddd 1.5, 7.0, 8.5) 
7.15 (d 8.5) 



5 c 



8.02 (d 7.7)* 
8.07 (dd 7.6, 7.7) 
7.87 (d 7.6)* 



78.9 
41.6 

191.1 

120.9 

126.4 

121.8 

136.4 

118.1 

160.5 

157.3 

124.3 

138.7 

124.3 

148.8 

166.1 



* Interchangeable 



[0 10 9] 

(2) 7 5^>^il ! »W^^ , / i t \ 5t- 

-kISr-m ( t> S H F 1 0 7 2 ) K X *) 7 9 > (flavone) <D®8k*M (ID ^ 

trofeffiAtt* ( 5 2 6 mg) tTLCP«Ui:«, R f « 0 . 3©* ^ ^ 

28. Omg) ©K,B*»fco M2iiFAB-MSWz 2 6 

? (M+H) + ^MJ£*U 1 H, 1 3 C NMRf-^^^^*^^ 11 

Cl 5 H 9 N04 tfcfc^tltZo 

i^bl^O 1 H- 1 H DQF COSY, HMQC, HMBCtWU. 
-t"'Jy>-2-* >f£ (6-(4-oxo-4H-chromen-2-yl)-pyridine-2-carboxylic_acid 

[0 1 1 1 1 
Mb 1 7 ] 




[0 112] 
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400MHz 


oxo-4H-chromen-2-yl)-pyridine-2-carboxylic acid) CD 
'H NMRSt>' 13 C NMRf-^lDMSO-cf^) 


Position 






2 








3 
4 




7.33 (s) 


108.0 
177.2 


4a 

0 

6 
7 
8 

8a 

r 

2' 
3' 
4' 
5' 
6' 




8.05 (d 7.5) 
7.51 (ddd 1.8, 7.5, 7.5) 
7.83 
7.83 


123.7 

1 O /I Q 

1/4. o 

125.6 
134.4 

1 118.7 
155.7 
155.1 




8.14 (d 7.4)* 
8.08 (dd 7.4, 7.4) 
8.23 (d 7.4)* 


126.1* 
138.2 

122.1* 
147.7 






1 167.8 



22/ 



* Interchangeable 



[0 113] 

^JM (pSHF1072) i:iH-^Fn^y77/V> (6-hydroxyf lavanone) 
W *«(1L) ^to/;MW (12 4mg) ^TLCt:ftL^^5,_R f f 0 

ihSMt ft^3 (21. 5mg) M31iFAB-MStm/z 
2 8 6 ^3^ (M + H) + #ilW3*L, 1 H, 1 3 C NMRf-^?>* 

xWC-e^SliCi s Hi i NO 5 fcftfeSftfco 
[0 114] 



4b 



^ r ^^ 3 (7)i H- 1 H DQF COSY, HMQC, HMBCtilSU. 
3 coNMR^-^ b fl'li^n- KT?* •? ft^fcflKSfll #l±W& *Lfc*o fc**, ft^% 1 
k © Jfcft* * t mtt & - k K X 0, ft** 3*6 - ( 6 - K * * *✓ - 4 - * * V - * 
n v ^ _ 2 - ;V - tf 0 v V - 2 - * ;l/ y W. (6- (6-hydroxy-4-oxo-4H-chroman-2-y 1 ) - 

pyridine-2-carboxylic acid) fcWfeLfco £*Ltt^ftft#*rC*ofc- -^WNMRW 

7=-*- * £^3 ^7Fi~o 

[0 115] 
[ft 1 8 ] 




[0 116] 



miE# 2005-3028876 



4#M 2004-061238 



23/ 



[*3] 



ft 



#1 3 (6-(6-hydroxy-4-oxo-4H-chroman-2-yl)-pyridine-2-carboxylic acid) <D 



4OOM H2 ' H NMRRtf l3 C NMRt $ (DMSQ— 
Position 



2 
3 

4 

4a 
5 
6 
7 
8 

8a 
1' 
2' 
3' 
4' 
5' 
6' 



ii 



5.78 (d 11.6) 
2.88 (d 17.2) 
3.. 10 (dd 11.6, 17.2) 



7.15 (d 3.1) 

7.08 (dd 3.1, 8.9) 
6.97 (d 8.9) 



7.73 (d 6.8)* 
7.97 (obs) 
7.97 (obs)* 



6 



79.4 
42.8 

191.4 
121.0 
110.0 
152.0 
124.6 
119.0 
153.9 

157.2 
122.1* 

138.3 
123.6* 

153.7 

167.5 



* Interchangeable 



w 
ma 



[0 117] 

(4) 6 - Kn^y7 7^>«ftit^ra^ 

izBM (pSHF1 072) HJ;>) 6-tKn^ry77^> (6-hydroxyf lavone) <OW. 
mm (ID fcffofcJfifflffiW (1 1 3mg) tTLCPftUfct*. R f «0. 3 

»U <fc**4 (3 7. Omg) ^Wf^o ^4aFAB-MS (positive, 
trix glycerol) Wz 2 8 41:^^/^ (M+H \^*>\^*,/' 

Jirfo&miV 1 H — 1 H DQF COSY, HMQC, HMBC«Uc 

D y>_2-WA/-tfW>-2-*>m?>lft(6- (6-hydroxy-4-oxo-4H-chromen-2-y 1 ) - 
pyridine-2-carboxylic acid) fcHfeLfco £iittift4ftm*^- ^ WNMRW 

[0 119] 
[it 1 9 ] 




[0 12 0] 



mtE# 2005-3028876 



#M 2004-061238 



24/ 



[*4] 

<fc* W4 (6-(6-hydroxy-4-oxo-4H»chromen-2-yl)-pyridine-2-carboxylic acid) <D 
400MHz ] H NMRRtf 1s C NMRf-^(DMSQ-^) 



Position 



2 
3 
4 

4a 
5 
6 
7 
8 

8a 

V 

2 5 
3' 
4' 
5' 
6" 




7.30 (s) 



7.34 (d 2.6) 

7.30 (dd 2.6, 9.2) 
7.68 (d 9.2) 



8.27 (br s)* 
8,14 (obs) 
8.14 (obs)* 



6j, 
160.5 
107.1 
177.0 
124.6 
107.5 
155.1 
123.3 
119.9 
149.2 
155.1 
122.6* 
138.6 
125.9* 
148.2 
166.3 



* Interchangeable 

[0 12 1] 

( 5 ) 7 _ k pn^~>77^V>'(7)fIift0^1^ 

( P SHF1072) Ci «3 7 - Kn * is ~7 7 *J > (7-hydroxyf lavanone) 

owmmm (i l) *fr^tzmmm u 1 3m g ) mcctu^^ Rf f° 

W»U tt#*5 (6 8. 5mg) Wi»fi,*»fco M5HFAB-MS (po i si 
tive, matrix glycerol) fm/z 2 8 6 tW^ (M + 



H ) + ^llf IJ £ *U H, 

i i NO 5 2:&5fe£*i<fco 

[0 12 2] 

JfcPft^B© 1 H- 1 H 



1 3 



KriG-B-wov, n xx DQF COSY, HMQC, HMBC^U, -f^ 

H-^07y-2-^V) -brvW-2-*A/#VBft (6- (7-hydroxy-4-oxo-4H-chroma 
n-2-yl)-pyridine-2-carboxylic acid) fcflfeLfc. i tH±«f*4^«-C*ofco 

[0 12 3] 
lit 2 0 ] 




[0 12 4] 



miiE# 2005-3028876 



#11 2004-061238 



^-v : 25/ 



[»5] 



-ft^-fe 5 (6-(7-hydroxy-4-oxo-4H-chroman-2-yl)-pyridine-2-carboxylic acid) <D 



Position 



2 
3 

4 

4a 
5 
6 
7 
8 

8a 
1' 
2' 
3' 
4' 
5' 
6' 



8 ii 




5.82 (br d lU.o; 


79 4 


2.80 (br d 14.5) 




3.05 (br dd 10.5, 14.5) 






189 2 




113 4 


7.62 (a o.6) 


128 4 


6.53 (d 8.3) 


ill n 




165.2* 


6.41 (s) 


102.8 




162.6 




157.1 


7.97 (br s)* 


123.7** 


7.97 (obs) 


138.2 


7.97 (obs)* 


122.5** 




153.5 




167.9 



\Z X *) 2 
HP L 



*, ** Interchangeable 
[0 12 5] 

«I (p SHF 1 0 7 2) , *M (pBPA 7 1 5 - 7 0 7 BC) 

_ 7l -^; U > (2-phenylquinoline) <7)^» (# 1 0 0 m 1 ) SrfTV^ 

^JM (pSHF 1 0 7 2) m:V)2-7i-;l/ 3 r/V> (2-phenylquinol ine) 
klOft (1L) *frV>, *4>*ffltb« (2 10mg) ^TLCCftUJ:-^ R Hit 0 
^ 3 O LX v> & i *«fiUB L fco ^y^Wo-7f7-77^-Ci 

h iit §p,i:OTPLC (*7A:f4f*7-W';7SG,lgl0mmX2 
5 0 mm! **: 3 5%MeOH, 0. 2%TFA) tilU 6 (2 1. 3mg 

) (Dmsh^ntzo 

[0126] 

6iiFAB-MSWz25H:Wt>t?-^ (M+H) 
3C NMRf-^^tx.^*^^^^ 01 5 Hi o N 2 0 2 tfcm 



1 H, 
[0 



12 7] 



H- 1 H DQF COSY, HMQ C, HMB C £$Ute L*r 0 £*L 

^ y ,j ^_ 2 _^;v-tfi; ys- 2 -*;V^>Bfe (6^iuinolin-2-yl-pyridine-2-carboxy 
lie acid) fcWfcLfco CWiSfI4Mt^o/Cc ^iltNMRWf-^eT 

[0 12 8] 



mSE# 2005-3028876 



#SI 2004-061238 



^-v : 26/ 



lit 2 1] 




l>U /C00H 

r 5' 



[0 12 9] 
1^6] 



(6-quinolin-2-yl-pyridine-2-carboxylic acid) 60 
400MHz 'H NMRRtF' 3 C NMRf-^(DMSQ-^) 



Position 
"2 
3 
4 

4a 
5 
6 
7 
8 

8a 
1' 
2' 
3' 
4' 
5' 
6' 



811 


§c 




154.4 


8.70(d 8.6) 


118.6 


8.55 (d 8.6) 


137.2 




127.9 


8.04 (d 7.9) 


127.8 


7.64 (dd 7.4, 7.9) 


127.1 


7.81 (dd 7.4, 8.3) 


130.0 


8.11 (d 8.3) 


129.0 




146.9 




154.9 


8.79 (d 6.9)* 


124.0* 


8.18 (dd 6.9, 7.7) 


138.6 


8.15 (d 7.7)* 


125,2* 




147.8 




165.7 



* Interchangeable 



[0 13 0] 

■fzBM (pSHFl 072) KXK) 2 -7.x. — MV'/ttt'/-* (2-phenylbenzox 
azole) <vmm&L (ID fcfrofcffittffi* (7 4mg) *TLCt:ftU:^^ R 

1 0mmX 2 5 0mm, «: 5 0%MeOH, 0. 2%TFA) ttlU ( 

18. 0 m g) CD£i£n t n : H#7to 

[0131] 

«71±FAB-MSWz241CWr/t'^ (M + H) + &Wm S ^ 
1 H 1 3 C NMRf-^^fx.^«-?"^^ liCl 3 Hs N2 0 3 t-^r/E^ 

[0132] 

>X\~iti3$} 7 CO 1 H— 1 H DQF COSY, HMQC, HMB C fciMJfcLfco ^tL 

y ;v- 2 - >f /U- t° U v >- - 2 - * *~ >It (6-benzooxazol-2-yl-pyridm 

e-2-carboxylic acid) fcRI£Lfco itL»±«raftft^W^*^^o ^1^^MR« 

[0 13 3] 

ffi$E# 2005-3028876 



#MI 2004-061238 



s<—y : 27/ 



m 2 2 1 




[0 1 

[ 



3 4] 
7] 



•fb-o#l7 (6-benzooxazol-2-yl-pyridine-2-carboxylic acid) 
O400MHz 'H NMR^t>" 3 C NMRf-^(DMSO-rf^) 



Position 



2 

3a 
4 
5 
6 
7 

7a 
1' 
2' 
3' 
4' 
5' 
6' 





5 c 




160.6 




141.0 


7.88 (d 8.4) 


120.4 


7.46 (dd 7.6, 8.4) 


125.2 


7.51 (dd 7.6, 8.4) 


126.4 


7.88 (dd 8.4) 


111.4 




150.5 




149.1 


8.79 (d 6.9)* 


126.3* 


8.22 (obs) 


139.1 


8.22 (obs)* 


126.7* 




145.2 




165.6 



* Interchangeable 



[0 13 5] 

*M (PSHF 1 0 7 2) , RV, *M (pBPA 7 1 5 - 7 0 7 BC) km 
7^Mbi P henyl)0«^ (# 1 0 0 m 1 ) fcffvs HPLCti«W©Jfc«t 

fr-ofcfctfc, »^«W^«.^^^M<7)^^1. 5«l*«i^-c*ofeo * 

JM (pBPA7 1 5-707BC) K J: «9 tf7x^;V (biphenyl) <£>^&^& ( 1 L) 
fcffofcSLfflffl* (1 2 1. 7mg) * T L C (CH 2 C 1 2 :MeOH.H2 0=4 : 
1-0 1) ^ffibfefci*, RftO. 4<&&W**&J£l^v**"*WBLfco 
iiy'J*yj^n-7h^77^- (C H 2 C 1 2 I M e 0 H : H 2 0=6 : 1 I 0 . 1 

) iztvmmt, HCMHPLC (*?A:*4S*rw^SG, tglOm 



mX 2 5 0mm,il:60%MeOH, 0. 2%TFA) «U ft-fr* 8 (7 9. 

2 m g) ^pn£#fco . 
[ 0 1 3 6 ] 

M8l±FAB-MStm/ Z 2 0 0i:Wt^"^ (M+H) + 
1 H, 1 3 C NMRf-^^?>fHW^^IlCi 2 H 9 NO 2 t&TEZtl 

[0137] 

^Cft^SO 1 H- 1 H DQF COSY, HMQC, HMB C fcSHfebfco -tL 
hfrh&b titzHtmJBLWk&to 1 ^ wjfctfc* & lift Sii:i:ii)> lf^t> 8 £_6- 7 
x;^-t''Jyy-2-*)V**>| (6-phenyl-pyridine-2-carboxylic acid) ^RteL 

tBliE# 2005-3028876 



#SI 2004-061238 



28/ 



[0 13 8] 
[<b 2 3] 




8 

[0 13 9] 
[«8] 



•fb-n ^5 8 (6-phenyl-pyridine-2-carboxylic acid) 
CD400MHz >H NMRRtf l3 C NMRf'-^(DMSQ-^) 



Position 



1 

2 
3 
4 
5 
6 

r 

2' 
3' 
4' 
5' 
6' 



6 



ii 



8.17 (d 7.2) 
7.52 (dd 7.2, 7.2) 
7.48 (dd 7.2, 7.2) 
7.52 (dd 7.2, 7.2) 

8.17 (d 7.2) 

7.98 (d 7.7)* 
8.05 (dd 7.6, 7.7) 
8.19 (d 7.6)* 



137.6 
126.7 
128.7 
129.4 
128.7 
126.7 
155.8 
123.1* 
138.4 
123.2* 
148.1 
166.0 



interchangeable 
[0 14 0] 

(9) * yco^^^^JcolWJS 

*Jj§1f (p SHF 1 0 7 2 ) XI±*M (pBPA 7 1 5 - 7 0 7 BC) 

( ( trans -) chalcone) <^«*^ (1L) =HTofcffi.ffltB% (4 5 6 mg) * 

■/'j*Wn7^77^i:J:l)IIU^i9 (30. 7mg) 

ft^^ttFAB-MS^m/z 2 5 6 £3^f (M+H) + Jl, 

1 H 1 3 C NMRf-^^fi^^^^^ ttCl 5 Hl 3 N ° 3 t '^ 7E ^ 

[0 14 2] 



9CO i H _i H DQF COSY, HMQC, HMB C *»l5feL7fco 4b^ 



;v) tf V W- 2 (6-(3-oxo-3-phenyl-propyl)-pyridine-2-carboxylic ac 
id) hm^tzo Z. tL{±ffm*<b^-%-e^ o tz 0 ^ilcNMRWf-^ftTci9 

[0143] 



2005-3028876 



mU 2004-061238 



^ - 1? : 29/ 




[0 1 
I 



4 4] 
91 



#J 9 (6-(3-oxo-3-phenyl-propyl)-pyridine-2-carboxylic acid) 



Position 



1 

2 

3 

4 

5 

6 

7 

8 

9 

i* 

2' 
3' 
4' 
5' 
6' 



8 m 


5c 


3.59 (br s)* 


31.4* 


3.67 (br s)* 


39.8 




200.0 




137.3 


8.03 (d 6.3) 


129.2 


7.51 (dd 6.3, 7.2) 


129.7 


7.63 (dd 7.2, 7.2) 


134.6 


7.51 (dd 6.3, 7.2) 


129.7 


8.03 (d 6.3) 


129.2 




158.8 


7.51 (br s)** 


129.2** 


8.41 (obs) 


137.3 


8.41 (obs)** 


125.5** 




146.1 




169.1 



*, ** Interchangeable 



[0 14 5] 

(10) 3-7x^JV-l-^>^>OtM<^^ 

i^BM (pSHF1 072) \Z X «9 3 -7 j. ~>>V- 1 -4 > ? J > (3-phenyl-l-indanone 
) (1 L) KftoltWmfo (7 9mg) *TLCfc#Lfci:£fc. RffO 

0 tt»L*l»4&> $ ^ K#J|5tH PLC (*7A: 'H$l1LJj 7Wi? 9 S G. tSlOm 
mX 2 5 0mm, W- 5 0%MeOH, 0. 2 % T F A) T?*»SU Ml 0 (1 0 

. omg) (Dmshzntzo 

Ml OiiFAB-MStm/z 2 5 3 CWt>t-^ (M+H) + immZtl 
1 H, 1 3 C NMRf-^*tfx.Wt-eoWttCi 5 Hi i NOa fc*5g 

[0147] . n , . , . _ 

1 0 CO 1 H- 1 H DQF COSY, HMQ C , HMB C fcflbeLfco - 

tL&^&WfcfLfclMR&tf. tt^l t<7)j:b«C^^ftW-t-^-^^i ^ Ifc^Jl 0£6 
_ (s-^^y-xf^^y-i-^fjV) - tfV v^- 2 -jjfl/tfyW. (6-(3-oxo-indan-l 

-yl)-pyridine-2-carboxylic acid) fcra^Lfco d*Ui»>Ht^-C& o £ Q 
[0 14 8] 

tB|iE# 2005-3028876 



#11 2004-061238 



: 30/ 



[ft 2 5] 




[0 14 9] 

mi o] 



•fb-o #3lO(6-(3-oxo-indan-l-yl)-pyridine-2-carboxylic 
O400 MHz 'H NMRR(f l3 C NMRr'-j'lDMSO- 



acid) 



Position 



1 

2 

3 

3a 
4 
5 
6 
7 

7a 
1' 
2' 
3' 
4' 
5' 
6' 



5,., 


5c 




205.1 


3.07 (dd 3.7, 17.9) 


42.9 


3.13 (dd 5.4, 17.9) 




4.93 (dd 3.7, 5.4) 


45.3 




156.5 


7.34 (d 7.5) 


126.5 


7.61 (dd 7.5, 7.5) 


135.0 


7.45 (dd 7.5, 7.5) 


128.0 


7.69 (d 7.5) 


122.9 




136.0 




161.6 


7.91 (d 6.8)* 


123.1* 


7.96 (dd 6.8, 7.5) 


138.5 


7.69 (d 7.5)* 


126.1* 




148.2 




165.9 



♦Interchangeable 



[0150] 

(11) 2-7x-;Vt73'l^><7)IIf ! l«^t 

M%M (p SHF 1 0 7 2 ) , RTF. TcM (pBPA 7 1 5 - 7 0 7 BC)_fc*«5 2 
-7xr.;Vt7^V> (2-phenylnaphthalene) 1 0 0 m 1 ) fcfrv^ HP 

»*TNfeofco *M1S (PBPA 7 1 5 - 7 0 7 BC) « V 7Z*7££2 

(2-phenylnaphthalene) (1L) *fro fcJHffllW 

ft (lOlmg) *TLCCftL/;^5, Rf«0. 2 0W«Ltv^it#IU 
88 Lfco «W ti/'J»Wn7b^7^CJ:D»* tilt, £ 6 fcfl-JRH P L 
C (* 9^ I ^■feJW'?-;/ ^ S G. IS1 OmmX 2 5 0 mm, i#S : 7 0 %M e 

OH, 0. 2%TFA) -Cffi$£U Ifc^tJ 1 1 (2 0. lmg) <0**fi***fco 

10 1 1 lliFAB-MStm/z 2 5 0 >f * V l£ - * (M + H) + *««»$*t 

1 3 C NMRf'-^*^fx.^^-?'^^ 1±Cl 6 Hi i NO 2 



i 



H, 



mtE# 2005-3028876 



#fl 2004-061238 



^-v ; 31/ 



[oi52] 

Wzit&Wl ICO 1 H- 1 H DQF COSY, HMQC, HMBCSriHtLfc, 

- + 7^V>-2--f;V) - tf V > - 2 - # yW. (6-naphthalene-2-yl-pyr ldine- 
2-carboxylic acid) tmfehtz 0 £ W±*r»4flS**-C* ^ fc. «tNMR»f 

[0 15 3] 
Hb2 6] 




COOH 

6' 



[0 1 
I 



5 4 ] 
1 1] 



{tityal 1 (6-naphthalene-2-yl-pyridine-2-carboxylic 
<7MOO MHz 'H NMRSU! ia C NMRf'-j' (DMSO - 



acid) 
- dtf ) 



Position 



1 

2 
3 
4 

4a 
5 
6 
7 
8 

8a 
1' 
2' 
3' 
4' 
5' 
6' 



n 



8.75 (s) 

8.35*** 
8.05*** 

7.97 (m) 
7.57*** 
7.57*** 
8.05*** 



8.37 (d 7.3)** 
8.11 (dd 7.3, 7.8)** 
8.02 (d 7.8) 



*, **Interchangeable 



8 c 



126.3 
133.0* 
124.4 
128.3 
133.4 
127.6 
126.9 
126.6 
128.7 
135.1* 
155.8 
123.7** 

138.7 
123.3** 
148.3 
166.2 



mM^m^.ummkm^Mo ^m^^m^xnit, ii»spu7x^ 



ffi|E#2 005-3028876 



#MI 2004-061238 



s<--J : 32/E 



[0156] 

@B»-^ 9 RV 1 0 : 'J^^^tf K 



ffifE# 2005-3028876 



mm 2004-061238 



1/ 



SEQUENCE LISTING 



<110> Marine Biotechnology Institute Co. , ltd 
<120> A method for producing picolinic acids 



<130> P04-0093 



<160> 10 

<170> Patentln version 3. 1 



<210> 
<211> 
<212> 
<213> 



1 

1377 
DNA 

Artificial 



<220> 

<223> synthetic gene 



<400> 1 

atgagctcag caatcaaaga agtgcaggga gcccctgtga agtgggttac caattggacg 
ccggaggcga tccgggggtt ggtcgatcag gaaaaagggc tgcttgatcc acgcatctac 
gccgatcaga gtctttatga gctggagctt gagcgggttt ttggtcgctc ttggctgtta 
cttgggcacg agagtcatgt gcctgaaacc ggggacttcc tggccactta catgggcgaa 
gatccggtgg ttatggtgcg acagaaagac aagagcatca aggtgttcct taaccagtgc 
cgacaccgcg gcatgcgtat ctgccgctcg gacgccggca acgccaaggc tttcacctgc 
agctatcacg gctgggccta cgacatcgcc ggcaagctgg tgaacgtgcc gttcgagaag 
gaagcctttt gcgacaagaa agaaggcgac tgcggctttg acaaggccga atggggcccg 
ctccaggcac gcgtggcaac ctacaagggc ctggtctttg ccaactggga tgtgcaggcg 
ccagaattgg agacctacct cggtgacgcc cgcccctata tggacgtcat gctggatcgc 
acgccggccg ggactgtggc catcggcggc atgcagaagt gggtgattcc gtgcaactgg 
aagtttgccg ctgagcagtt ctgcagtgac atgtaccacg ccggcaccat gtcgcacctg 
tccggcatcc tggcgggcat gccgccggaa atggacctgt cgcatgcaca ggtgcccacc 
aagggcaacc agttccgggc cggctggggc gggcacggct cgggctggtt cgtcgacgag 



60 



120 



180 



240 



300 



360 



420 



480 



540 



600 



660 



720 



780 



840 



miHf 2005-3028876 



m IS 2 0 0 4 - 0 6 1 2 3 8 ^-^ : 2/ 



<210> 2 

<211> 458 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic polypeptide 
<400> 2 

Met Ser Ser Ala He Lys Glu Val Gin Gly Ala Pro Val Lys Trp Val 
15 10 15 



Thr Asn Trp Thr Pro Glu Ala He Arg Gly Leu Val Asp Gin Glu Lys 

20 25 30 



Gly Leu Leu Asp Pro Arg He Tyr Ala Asp Gin Ser Leu Tyr Glu Leu 
35 40 45 



Glu Leu Glu Arg Val Phe Gly Arg Ser Trp Leu Leu Leu Gly His Glu 
50 55 60 



Ser His Val Pro Glu Thr Gly Asp Phe Leu Ala Thr Tyr Met Gly Glu 
65 70 75 80 



900 



960 



1020 



1080 



ccgggcatgc tcatggcggt gatggggccc aaggtcaccc agtactggac cgaaggtccg 
gctgccgacc tggcagaaca gcgactgggc cacaccatgc cggttcgacg catgttcggc 
cagcacatga cgatcttccc gacctgttca ttcctgcccg ccatcaacac catccggacc 
tggcacccgc gtggtcccaa tgaaatcgag gtgtgggcct tcaccctggt cgatgccgac 
gccccggcgg agatcaagga agaatatcgc cggcacaaca tccgcacctt ctccgcaggc 1140 
ggcgtgtttg agcaggacga tggcgagaac tgggtggaga tccagaaggg gctacgtggg 1200 
tacaaggcca agagccagcc gctcaatgcc cagatgggcc tgggtcggtc gcagaccggt 1260 
caccctgatt ttcctggcaa cgtcggctac gtctacgccg aagaagcggc gcggggtatg 1320 
tatcaccact ggatgcgcat gatgtccgag cccagctggg ccacgctcaa gccctga 1377 



Asp Pro Val Val Met Val Arg Gin Lys Asp Lys Ser He Lys Val Phe 
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85 



90 



95 



Leu Asn Gin Cys Arg His Arg Gly Met Arg He Cys Arg Ser Asp Ala 

100 105 HO 



Gly Asn Ala Lys Ala Phe Thr Cys Ser Tyr His Gly Trp Ala Tyr Asp 
115 120 125 



He Ala Gly Lys Leu Val Asn Val Pro Phe Glu Lys Glu Ala Phe Cys 
130 135 140 



Asp Lys Lys Glu Gly Asp Cys Gly Phe Asp Lys Ala Glu Trp Gly Pro 
145 150 155 160 



Leu Gin Ala Arg Val Ala Thr Tyr Lys Gly Leu Val Phe Ala Asn Trp 

165 170 175 



Asp Val Gin Ala Pro Glu Leu Glu Thr Tyr Leu Gly Asp Ala Arg Pro 

180 185 190 



Tyr Met Asp Val Met Leu Asp Arg Thr Pro Ala Gly Thr Val Ala He 
195 200 205 



Gly Gly Met Gin Lys Trp Val He Pro Cys Asn Trp Lys Phe Ala Ala 
210 215 220 



Glu Gin Phe Cys Ser Asp Met Tyr His Ala Gly Thr Met Ser His Leu 
225 230 235 240 



Ser Gly He Leu Ala Gly Met Pro Pro Glu Met Asp Leu Ser His Ala 

245 250 255 



Gin Val Pro Thr Lys Gly Asn Gin Phe Arg Ala Gly Trp Gly Gly His 

260 265 270 



Gly Ser Gly Trp Phe Val Asp Glu Pro Gly Met Leu Met Ala Val Met 
275 280 285 
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Gly Pro Lys Val Thr Gin Tyr Trp Thr Glu Gly Pro Ala Ala Asp Leu 
290 295 300 



Ala Glu Gin Arg Leu Gly His Thr Met Pro Val Arg Arg Met Phe Gly 
305 310 315 320 



Gin His Met Thr He Phe Pro Thr Cys Ser Phe Leu Pro Ala He Asn 

325 330 335 



Thr He Arg Thr Trp His Pro Arg Gly Pro Asn Glu He Glu Val Trp 

340 345 350 



Ala Phe Thr Leu Val Asp Ala Asp Ala Pro Ala Glu He Lys Glu Glu 
355 360 365 



Tyr Arg Arg His Asn He Arg Thr Phe Ser Ala Gly Gly Val Phe Glu 
370 375 380 



Gin Asp Asp Gly Glu Asn Trp Val Glu He Gin Lys Gly Leu Arg Gly 
385 390 395 400 



Tyr Lys Ala Lys Ser Gin Pro Leu Asn Ala Gin Met Gly Leu Gly Arg 

405 410 415 



Ser Gin Thr Gly His Pro Asp Phe Pro Gly Asn Val Gly Tyr Val Tyr 

420 425 430 



Ala Glu Glu Ala Ala Arg Gly Met Tyr His His Trp Met Arg Met Met 
435 440 445 



Ser Glu Pro Ser Trp Ala Thr Leu Lys Pro 
450 455 



<210> 3 

<211> 35 

<212> DNA 

<213> Artificial 
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<220> 

<223> synthetic oligonucleotide 
<400> 3 

ccgaattcaa ggagacgttg aatcatgagc tcagc 35 



<210> 4 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic oligonucleotide 

<400> 4 

ttgaattctt ccggttgaca gatct 



<210> 5 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic peptide 

<400> 5 

Asp Lys Ser He Lys Val Phe Leu Asn Gin Cys Arg 
1 5 10 



<210> 6 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic peptide 

<400> 6 

Asp Asp Gly Glu Asn Trp Val Glu He Gin Lys Gly 
1 5 10 



<210> 7 
<211> 38 
<212> DNA 
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<213> Artificial 
<220> 

<223> synthetic oligonucleotide 
<220> 

<221> raisc_feature 

<222> (24) . . (24) 

<223> N = A, C, G or T 



<220> 

<221> misc_feature 

<222> (36) . . (36) 

<223> N = A, C, G or T 



<400> 7 

gacaagagca tcaaggtgtt cctnaaccag tgycgnca 



<210> 8 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic oligonucleotide 
<220> 

<221> misc_feature 

<222> (28) . . (28) 

<223> N = A, C, G or T 



<400> 8 

ccccttctgg atctccaccc agttytcncc rtcgtc 



<210> 9 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic oligonucleotide 

<400> 9 

aacaccttga tgctcttgtc 



38 



36 



20 
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<210> 10 

<211> 20 

<212> DNA 

<213> Artificial 



<220> 

<223> synthetic oligonucleotide 
<400> 10 

gggtggagat ccagaagggg 
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